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In an easy-plane antiferromagnet with the Dzyaloshinskii-Moriya interaction (DMI), magnons are subject to an effective
spin-momentum locking. A temperature gradient can generate interfacial accumulation of magnons with a specified
polarization, realizing the magnon spin Edelstein effect. We investigate the injection and detection of this thermally-
driven spin polarization in an adjacent heavy metal with strong spin Hall effect. We find that the inverse spin Hall
voltage depends monotonically on both temperature and the DMI but non-monotonically on the hard-axis anisotropy.
Counterintuitively, the magnon spin Edelstein effect is even in a magnetic field applied along the Néel vector.
Efficient generation of spin angular momenta is key to mod-
ern electronics because information encoded in the spin de-
gree of freedom can be transported and read with relatively
low dissipation1,2. In electronic systems, there are two com-
mon scenarios to produce spins. One is the spin Hall effect
(SHE), in which a charge current induces a pure spin cur-
rent flowing transversely; as spin current diffuses, surviving
spins will accumulate on the boundaries3. The other is the
spin Edelstein effect (SEE), where spin accumulation can be
generated directly from a charge current without the partici-
pation of spin current4,5, which does not entail spin diffusion
in space. In large-scale devices, spin diffusion can be a pre-
vailing cause of information loss6. Therefore, concerning spin
production, the SEE appears to be more reliable and efficient
than the SHE.
Nevertheless, both the SHE and the SEE inevitably incur
Joule heating because a driving charge current is needed. It
has been established that magnons, which are charge neutral
quasiparticles in magnet materials, can conduct spins with-
out physical movement of charges, eliminating Joule heating
completely7–9. Consequently, magnons are believed to be an
ideal alternative to electrons in shaping the next-generation
nanodevices such as all-magnon transistor10. A recent high-
light in the quest for magnon-based spin transport is the identi-
fication of antiferromagnets (AFMs) as a novel platform supe-
rior to ferromagnets owing to their unique characteristics such
as ultrafast spin dynamics and absence of stray field11,12. In
particular, AFMs allow the coexistence of two distinct spin
species constituting an intrinsic degree of freedom, which
is capable of encoding information similar to the electron
spin13,14.
A magnon spin current can be either coherent or incoherent
depending on the preservation of transverse spin polarization.
In AFMs, driving coherent magnons calls for extremely high
frequency sources15,16, whereas incoherent magnons can be
easily generated through thermal agitations12. For example,
in magnetic insulators exhibiting the magnon spin Nernst ef-
fect, a temperature gradient can create a pure spin current in
the perpendicular direction, which is analogous to the SHE
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of electrons17–19. So far, however, magnon-based spin gen-
erations all rely on the formation of spin currents19–22. It is
unclear whether non-equilibrium spin accumulation can arise
directly from a thermal drive free of an accompanied spin cur-
rent. Namely, is there a magnonic counterpart of the SEE?
Recently, it has been pointed out that the magnon SEE
can indeed be enabled by breaking certain symmetries in
a collinear AFM23. Specifically, in the presence of the
Dzyaloshinskii-Moriya (DM) interaction, magnon bands of
opposite spins shift oppositely in the momentum space, lead-
ing to the Faraday effect of spin waves14. On top of the DM
interaction, if non-uniaxial magnetic anisotropy is also intro-
duced, the magnon spectrum will be similar to that of the
gaped Rashba electrons24,25 [see Fig. (1)(a)]. The combined
effect of the DM interaction and the non-uniaxial anisotropy
can lock spins with momenta, which is critical to the SEE.
While a magnon spin current can convert into an electron spin
current and be subsequently detected via the inverse SHE, it
remains an open question how to measure the magnon SEE
that is not accompanied by a spin current.
In this Letter, we consider an ultrathin AFM nanostrip in
contact with a normal metal (NM) with a sizable SHE, as
schematically illustrated in Fig. (1). Because of the magnon
SEE, an in-plane temperature gradient ∇T can drive the non-
equilibrium magnon accumulation which will couple the elec-
trons in the NM, while magnon motion perpendicular to the
interface is suppressed. It will become clear later that the
magnon flow along∇T vanishes, so the AFM admits only spin
accumulation but not spin current. This magnon accumulation
injects a pure spin current in the NM, which, due to the inverse
SHE, will convert into a detectable voltage VISH . We find that
the magnon SEE depends monotonically on temperature and
the DM interaction but non-monotonically on the hard-axis
anisotropy. Counterintuitively, the magnon SEE turns out to
be an even function of an applied magnetic field along the
Néel vector, which is followed by an explanation from sym-
metry perspective.
Magnon spin Edelstein effect.—The AFM nanostrip under
consideration is modeled as an infinitely long 1D spin chain
with atomic spacing a0 (so magnetic unit cell repeats for 2a0).
As illustrated in Fig. 1, spins in the ground state are pointing in
an alternative pattern along the z direction, which can be sta-
bilized by an easy-axis along z and a hard-axis along x. The
broken mirror symmetry on the interface induces a DM inter-
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FIG. 1: An illustration of the dispersion relations for (a)
B= 0 and (b) B 6= 0. The dotted segments indicate the case
of Kx = 0. Kx and D are exaggerate for visual clarity. The
color labels Sz as a function of k. (c) Schematics of the model
1D AFM/NM heterostructure. While the spin current along
∇T vanishes in the AFM, the spin accumulation Sz converts
into a spin current in the NM flowing in the x direction.
action with the DM vector parallel to z, the strength of which
is partially controllable by a gate voltage26–28. In the follow-
ing, we assume that ∇T is along y and a magnetic field B is
in the z direction. By keeping only the nearest-neighboring
interactions, we can describe such an AFM by a tight-binding
Hamiltonian as
H =J ∑
<i, j>
Si ·S j+∑
i
[
KxS2i,x−KzS2i,z
]
+D ∑
<i, j>
ξi j zˆ · (Si×S j)−B∑
i
zˆ ·Si, (1)
where J is the antiferromagnetic exchange coupling, D is the
DM interaction, and Kx and Kz are the hard-axis and the easy-
axis anisotropy, respectively. In the DM term, ξi,i±1 = ±1
represents the relative positions of neighboring spins (bond
chirality). For simplicity, we have absorbed the Landé g fac-
tor and the Bohr magneton µB into B so that all parameters
appearing in Eq. (1) are scaled into the energy dimension.
To solve the magnon excitations, we perform the linearized
Holstein-Primakoff transformation on the spin operators29:
S+iA =
√
2Sai, S−iA =
√
2Sa†i , S
z
iA = S−a†i ai, S+i+1B =
√
2Sb†i+1,
S−i+1B =
√
2Sbi+1, and Szi+1B = −S+ b†i+1bi+1, where a†i (b†i )
creates a quanta of magnon on the A (B) sublattice located on
site i. The magnon operators satisfy the bosonic commutation
relations: [ai,a
†
j ] = δi j; and all other combinations vanish.
To diagonalize Eq. (1), we perform the Fourier transforma-
tion ai = 1√N ∑k ake
ikyi , b j = 1√N ∑k bke
iky j where N is the total
number of magnetic unit cells, yi labels the position of the ith
atom, and the summation over k is restricted to the first Bril-
louin zone. The Hamiltonian in Eq. (1) can be expressed in a
quadratic form
H =
1
2∑k
X†k
A
+ F 0 Ck
F A+ Dk 0
0 Dk A− F
Ck 0 F A−
Xk, (2)
where Xk = [ak,a
†
−k,bk,b
†
−k]
T is the Nambu basis, A±= 4JS+
2KzS+KxS±B, F = KxS, Ck = 4JScoska0+4DS sinka0 and
Dk = 4JScoska0− 4DS sinka0. Because of the commutation
relations, the vector of the Nambu basis must satisfy
[
X ,X†
]
=
1 0 0 00 −1 0 00 0 1 0
0 0 0 −1
≡ gc, (3)
where the (i, j)-component of [X ,X†] reads [Xi,X
†
j ]. Diago-
nalizing the quadratic form in Eq. (2) invokes the Bogoliubov
transformation, which amounts to a coordinate change of the
Nambu basis12: X˜k = QkXk = [αk,α†−k,βk,β
†
−k]
T , where Qk
satisfies
Q−1k gcHkQk = h¯gcdiag[ω
α
k ,ω
α
−k,ω
β
k ,ω
β
−k], (4)
where ωα/β±k are the eigenfrequencies (dispersion relations)
and Qk is a generalized unitary matrix with respect to gc:
QkgcQ
†
k = gc. Under the same Fourier transform, the z com-
ponent of the total spin operator becomes
Sz =∑
i
Si,z =
1
2∑k
X†k σzXk, (5)
where σz = diag[−1,−1,1,1].
Figure 1(a) and (b) illustrate the dispersion relations (pa-
rameters exaggerated to enhance visual clarity), where the
magnon spin polarization Sz(k) is indicated by color. If not
for the hard axis, the α and β bands will have constant Sz
(k-independent) and intersect at k = 0, as indicated by the
dotted line; their band bottoms locate on the opposite side of
k = 0 due to the DM interaction. The hard-axis anisotropy Kx
opens a gap at k= 0, which re-organizes the bands into a lower
branch (β ) and an upper branch (α). Correspondingly, Sz(k)
becomes a function of k in the vicinity of the band gap where it
transitions continuously between 1 and−1. Within the energy
window of the band gap at k = 0, magnons with spin Sz = 1
(Sz =−1) are locked with a negative (positive) group velocity
dω/dk in the outer segments of the lower branch. In contrast,
above the band gap, the two branches contribute oppositely to
Sz so that both Sz = 1 and Sz = −1 can be associated with a
given dω/dk. In the next section, we will see that this spin-
momentum locking is essential to the SEE.
Detection by inverse SHE.—In an AFM/NM heterostruc-
ture, coherently precessing magnetic moments inject a pure
spin current density in the NM30,31
J s = gs (n× n˙+m× m˙) , (6)
3where n = (SA − SB)/2 and m = (SA + SB)/2 are the Néel
vector and the small magnetization, gs is the real part of the
spin-mixing conductance (factors like h¯, e have been absorbed
by gs). Even though Eq. (6) was derived for spatially uni-
form AFM, it remains valid even when the order parameter
varies smoothly in space32. Because the SEE only generates
incoherent thermal magnons, we need to insert the Holstein-
Primakoff transformation into Eq. (6) and integrate over all
magnon modes. The key distinction of incoherent magnons
is that the local spin component transverse to the easy-axis is
averaged to zero so that only the z component matters. Af-
ter some tedious algebra, we obtain the spin current density
injected into the NM as
Jzs =−
gsS
2h¯ ∑k
Tr{(Q†kJkQk)diag[〈α†kαk〉,〈α†−kα−k〉,
〈β †k βk〉,〈β †−kβ−k〉]} (7)
with
Jk =
A
+ F 0 0
F A+ 0 0
0 0 −A− −F
0 0 −F −A−
 , (8)
where 〈α†kαk〉 = n(h¯ωαk ) and 〈β †k βk〉 = n(h¯ωβk ) are the ther-
mal occupations of magnons in the presence of ∇T . To char-
acterize the efficiency of spin injection into the NM, we define
the spin convertance as
Gs = Jzs/Sz (9)
which directly converts the spin accumulation generated by
∇T into an electronic spin current ready for detection. This
quantity plays a central role in quantifying the detection of
the magnon SEE.
In the linear response regime, we can decompose the dis-
tribution as n = n0 + δn with the equilibrium distribution
n0 = 1/
(
eh¯ω/kBT −1). Under the relaxation time approxima-
tion, the non-equilibrium part is
δnλ ,k =−τ0vλ ,k
eh¯ωλ ,k/kBT h¯ωλ ,k
kB
(
eh¯ωλ ,k/kBT −1
)2
T 2
∇T, (10)
where λ = α or β label the magnon modes, T is the equi-
librium temperature at the system center, vλ ,k = ∂ωλ/∂k is
the group velocity of mode λ , and τ0 is the phenomenological
magnon relaxation time assumed to be an independent con-
stant. Based on Eq. (10), it should be noted that the in-plane
spin current along ∇T (spin Seebeck effect) identically van-
ishes because when integrating over the Brillouin zone, the
integrand is proportional to v2λ ,k so 〈Sz〉 from ±k cancel12,33.
In other words, ∇T can only induce a spin accumulation Sz
but not a spin current in the AFM without the magnetic field.
The spin accumulation Sz due to the magnon SEE converts
into a spin current into the NM according to Eq. (9), which
is subject to diffusion and the inverse SHE. By solving the
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FIG. 2: Spin current density injected into the NM, Jzs , plotted
(a) as a function of D and Kx for kBT = 0.5 and B= 0, and
(b) as a function of kBT and B/S for Kx = 0.1 and D= 0.1.
(c) and (d): spin convertance Gs plotted as functions of the
same variables in (a) and (b). Units: Jzs in gsS
4τ0a0kB∇T/2h¯2
and Gs in gsS2/h¯. The grey regions are where the collinear
ground state becomes unstable and the modeling becomes
invalid.
spin diffusion equation with Jzs as a boundary condition
34, we
obtain the output inverse SHE voltage as
VISH =
θSHLλ
σd
tanh
d
2λ
Jzs , (11)
where θSH is the spin Hall angle, d is the thickness of the NM,
λ is the spin diffusion length, σ is the conductivity, and L is
the length in the y direction. By inserting Eq. (7) into Eq. (11),
we are able to quantify the output signal. Admittedly, treating
τ0 as a quantity independent of momentum, spin, and tem-
perature is an oversimplified assumption. Nevertheless, the
modeling has captured the essential physical feature of the
magnon SEE. Moreover, the overall output signal VISH as a
function of T is determined by a series of quantities such as
σ , λ and θSH , all of which have complicated T -dependence.
Therefore, it goes beyond the scope of this Letter to give an
exact T -dependence of VISH . Our focus is paid on the phys-
ical mechanism of the magnon SEE and its detection by the
inverse SHE.
Figure 2(a) plots the numerical result of Jzs as a function of
the DM interaction and the hard-axis anisotropy for a fixed
temperature. We find that the injected spin current in the NM
depends monotonically on D but non-monotonically on Kx.
The D dependence is easy to understand because D shifts the
magnon bands of opposite spins towards opposite directions in
the momentum space, enhancing the spin-contrasting feature
in the dispersion. The role of Kx, on the other hand, is compli-
cated. As discussed in the previous section, Kx opens a gap at
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FIG. 3: Symmetry analysis for the understanding of the
magnon SEE as an even function of the magnetic field.
k= 0 and gives rise to spin-momentum locking such that Sz(k)
is a function of k. For small Kx, an increasing gap widens the
energy window of spin-momentum locking, which enlarges
the spin imbalance hence a stronger magnon SEE. When Kx
becomes comparable to D, however, the transition region of
Sz(k) [Sz(k) ≈ 0 in the vicinity of k = 0] will be extended
to the outer part of the lower band, which reduces the mag-
nitude of Sz in the energy window of spin-momentum lock-
ing. Therefore, even though the spin-momentum locking still
gets stronger with an increasing Kx, the net spin accumulation
starts to decline. Using typical material parameters of transi-
tion metal oxides for the AFM and those of Pt for the NM,
and assuming gs ∼ 1/a20, τ0 ∼ 10−10 s, d λ , and L∼ 1µm,
we estimate that a temperature gradient of ∇T ∼ 1K/µm can
generate a VISH on the order of 100nV at room temperature,
which is amenable to measurement.
As shown in Fig. 2(b), Jzs increases monotonically with
an increasing temperature and is an even function of the ap-
plied magnetic field. Even concerning the bosonic statistics of
magnons, this positive temperature dependence is not a triv-
ial property, because comparatively the magnon spin Nernst
effect17,19 exhibits a non-monotonic temperature dependence.
Before explaining the dependence of the magnon SEE on the
magnetic field, it is instrumental to quantify the spin conver-
tance Gs.
Figure 2(c) and (d) plot Gs versus the same variables used
in Fig. 2(a) and (b). According to Eq. (9), Gs is what connects
the spin accumulation Sz to the spin current density it induces
in the NM. To quantify the magnon SEE, it is equally legit-
imate to use either Sz or Jzs . If plotted, the Sz profile would
be equivalent to (a)/(c) and (b)/(d). Similar to Fig. 2(b), Gs is
also an even function of the magnetic field.
Now we explain the counterintuitive impact of the mag-
netic field shown in Fig. 2 from a symmetry perspective as
illustrated in Fig. 3. Starting from the upper-left panel, sup-
pose that the injected spin current density is Jzs (B) for B > 0
along +z. Our goal is to check if Jzs (−B) equals Jzs (B) or not.
The cases of B and −B can be connected by a series of sym-
metry operations. First, we rotate the whole system around
the x axis by pi , which flips the sign of everything, including
Jzs . Next, we shift the AFM chain by a0 (half magnetic unit
cell), which amounts to flipping the Néel vector if the sys-
tem is infinite. This operation does not change Jzs . Then, we
reverse the direction of ∇T , which reverses Jzs within the lin-
ear response regime. At this point, Jzs has flipped twice while
the magnetic field B has flipped once; the system only dif-
fers from where we started in the magnetic field direction. In
other words, Jzs (B) = J
z
s (−B), the magnon SEE is even in the
magnetic field.
In summary, we have studied the magnon SEE in a sim-
ple model system. An in-plane temperature gradient can
drive magnon spin accumulation without inducing a magnon
spin current. The spin accumulation converts into an elec-
tronic spin current in an adjacent NM for detection by the
inverse SHE. The magnonic SEE depends monotonically on
temperature and the DM interaction but non-monotonically
on the hard-axis anisotropy. The effect is even in a mag-
netic field along the Néel order, which bears a symmetry jus-
tification. Our prediction opens the exciting possibility to
generate magnonic spin angular momenta without inducing
magnonic spin currents, unraveling magnonic device concepts
with novel functionalities.
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